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Background: The benefits of exercise in mild and moderate knee or hip osteoarthritis (OA) are apparent, but the
evidence in severe OA is less clear. We recently reported that neuromuscular training was well tolerated and
feasible in patients with severe primary hip or knee OA. The aims of this controlled before-and-after study were to
compare baseline status to an age-matched population-based reference group and to examine the effects of
neuromuscular training on patient-reported outcomes and physical function in patients with severe primary OA of
the hip or knee.
Methods: 87 patients (60–77 years) with severe primary OA of the hip (n = 38, 55% women) or knee (n = 49, 59%
women) awaiting total joint replacement (TJR) had supervised, neuromuscular training (NEMEX-TJR) in groups with
individualized level and progression of training. A reference group (n = 43, 53% women) was included for
comparison with patients’ data. Assessments included self-reported outcomes (HOOS/KOOS) and measures of
physical function (chair stands, number of knee bends/30 sec, knee extensor strength, 20-meter walk test) at
baseline and at follow-up before TJR. Analysis of covariance (ANCOVA) was used for comparing patients and
references and elucidating influence of demographic factors on change. The paired t-test was used for comparisons
within groups.
Results: At baseline, patients reported worse scores than the references in all HOOS/KOOS subscales (hip 27–47%,
knee 14–52%, of reference scores, respectively) and had functional limitations (hip 72–85%, knee 42–85%, of
references scores, respectively). NEMEX-TJR (mean 12 weeks (SD 5.6) of training) improved self-reported outcomes
(hip 9–29%, knee 7–20%) and physical function (hip 3–18%, knee 5–19%) (p < 0.005). Between 42% and 62% of hip
OA patients, and 39% and 61% of knee OA patients, displayed a clinically meaningful improvement (≥15%) in
HOOS/KOOS subscales by training. The improvement in HOOS/KOOS subscale ADL was greater for patients with
knee OA than hip OA, while the improvement in subscale Sport/Rec was greater for patients with hip OA than
knee OA.
Conclusions: Both self-reported outcomes and physical function were clearly worse compared with the reference
group. Neuromuscular training with an individualized approach and gradual progression showed promise for
improving patient-reported outcomes and physical function even in older patients with severe primary OA of the
hip or knee.
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There is to date high level evidence supporting the bene-
fits of exercise in mild and moderate knee or hip OA
[1], but the evidence in severe OA is less clear [2]. Stu-
dying effects of exercise at this late stage of the disease
can include people awaiting total joint replacement (TJR)
of the hip or knee as they have severe OA.
A recent meta-analysis [3], show low to moderate evi-
dence that exercise before TJR reduces pain in patients
with hip or knee OA, and improves patient-reported
function in those with hip OA. However, due to insuffi-
cient reporting, few studies were included and most tri-
als included a small number of participants [3], implying
a need for further studies. Only a limited number of
studies included both patient-reported outcomes and
measures of physical function [3], however, several au-
thors now suggest that both measurement properties be
used to obtain a complete picture of function in patients
with OA [4-6]. The training programs included trad-
itional exercise therapies for people with hip or knee
OA, such as aerobic exercise and/or strengthening trai-
ning targeting muscle weakness [3].
Besides muscle weakness, patients with OA have im-
paired sensorimotor function, in terms of sensory defi-
ciency [7,8], altered muscle activation patterns [9], and
reduced functional performance [10]. From this pers-
pective, it seems apparent that training programs should
address several aspects of sensorimotor function to im-
prove function and alleviate symptoms. Neuromuscular
training may meet these needs. While strength training
aims primarily at increasing motor output, neuromuscu-
lar training aims principally at improving quality and ef-
ficiency of movements. In young and middle-aged with
knee injuries, at high risk of knee OA [11], such training
programs were effective in improving function and redu-
cing symptoms [12-17].
Recently, we applied these principles of neuromuscular
training to people with severe hip or knee OA, and re-
ported that an individualized neuromuscular training
program (NEMEX-TJR), was well tolerated and feasible
in these patients, in terms of no worsening of pain, few
joint-specific adverse events, and achieved progression
of training level [18].
The aims of this prospective cohort study were: 1) to
compare baseline status to an age-matched population-
based reference group; and 2) to examine the potential
effects of the NEMEX-TJR on patient-reported out-
comes and physical function in patients with severe
primary OA of the hip or knee waiting for TJR. We
hypothesized that patients had functional impair-
ments at baseline and that NEMEX-TJR would im-
prove patient-reported outcomes and physical function
at follow-up before surgery compared with the baseline
assessment.Methods
Trial design
A controlled before-and-after study which conforms to
the TREND statement for non-randomized study de-
signs, with a normative reference group.Patients
130 patients between 60 and 77 years old with severe
primary OA of the hip (n = 51, 55% women) or knee
(n = 83, 60% women), all assigned for TJR, were re-
cruited from the Department of Orthopedics, Skåne
University Hospital Lund, Sweden, during 2007–2009
(Table 1). Severe OA was defined as being eligible for
TJR. Those eligible for TJR constitute a small fraction
of all patients with joint pain [19] and TJR eligibility
criteria include pain, severe disability, and radiographic
disease [20]. Exclusion criteria were post traumatic OA
(e.g., fracture), rheumatoid arthritis, psoriatic arthritis,
congenital hip deformities, Perthes’ disease, THR or
TKR during the last 12 months, severe heart failure or
neurological diseases affecting physical function, de-
mentia, and not Swedish-speaking due to the high le-
vel of language skills required for questionnaires and
assessment. Patients treated with antidepressive, neu-
roleptics, anticonvulsive drugs, or cortisone, were also
excluded.
All patients were offered supervised NEMEX-TJR trai-
ning in groups. Forty patients declined to participate
in the group training because they had an established
contact with a physical therapist at their local health
care center, or because of problems with transportation
to the intervention site. These patients were younger
than those who agreed to participate in group training
(mean difference −2.4 years, 95% confidence interval
(CI) -3.96;-0.87). There were no differences between
the nonparticipants and the participants in gender
(60% vs 59% women, p = 0.848), index joint (33% vs
42% hip OA, p = 0.335), BMI (mean difference 1.30
95% CI −0.38;2.97), or in baseline scores for HOOS/
KOOS pain (mean difference −3.8 95% CI −8.7;1.0),
symptoms (mean difference −1.7 95% CI −7.9;4.6),
ADL (mean difference −3.5 95% CI −8.9;1.9), sport/
rec (mean difference −2.0 95% CI −8.1;3.5), or QOL
(mean difference −2.0 95% CI −7.1;3.0).
At the follow-up assessment, 3 patients (3%, 1 women)
with knee OA withdrew from the study for the fol-
lowing reasons: declined surgery and follow-up (n = 1),
and unknown reason (n = 2). Data presented are from
the 87 patients (hip OA, n = 38; knee OA, n = 49) who
completed the baseline and follow-up assessments.
Seventy-six of these patients were included in a pre-
vious report on feasibility of neuromuscular training
[18].
Table 1 Characteristics of the patients at baseline
Characteristic Total OA group (n = 87) Hip OA (n = 38) Knee OA (n = 49) References (n = 43)
Women (n (%)) 50(58) 21(55) 29(59) 23(54)
Age (y), mean (SD) 68(4.1) 67(3.8) 69(4.2) 69(4.6)
BMI (kg/m2), mean (SD) 28.9(4.5) 27.8(4.3) 29.8(4.5) 26.5(3.4)
Index joint, right (n (%)) 51(59) 19(50) 32(65) NA
Analgesics
Regular use 63 33 30 2
Sporadic 11 3 8 18
No 13 2 11 23
Previous surgery (n)
Knee/hip 26 9 17 7
Foot 16 6 10 5
Back/neck 7 3 4 1
Upper extremity 26 9 17 6
Co-morbidities* (n)
0 36 20 16 27
1 38 15 23 8
≥2 13 3 10 8
Considered TJR (mths), median (quartiles) 7(4–12) 7(4–12) 8(5–19) NA
Daily activities (n)
Easy (mainly sitting) 40 17 23 19
Somewhat hard (walking) 38 17 21 21
Hard/very hard (walking, lifting) 9 4 5 3
Physical therapy training for hip/knee within last year
No 64 29 35 41
Yes 23 9 14 2
Walking aid
No 80 33 47 43
Yes 7 5 2 0
Marital status
Married/cohabiting 60 26 34 34
Divorced 11 5 6 4
Widowed 12 5 7 2
Single 3 2 1 3
Immigrant (n) 8 5 3 7
Education
Elementary school 55 24 31 16
High school 9 6 3 15
College or University 19 7 12 11
Other 4 1 3 1
Smoking
No 49 20 29 25
Previously 33 14 19 16
Yes 5 4 1 2
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Table 1 Characteristics of the patients at baseline (Continued)
Alcohol consumption
Never 6 3 3 3
Rarely 16 5 11 6
Monthly 30 13 17 8
Weekly 34 16 18 22
Daily 1 1 0 4
* Back, lung, hypertension, heart, peripheral arteries, neurological, diabetes, cancer, ulcer, kidney, vision.
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A reference group was included for comparison with pa-
tients’ baseline data and to assess any systematic change
in outcomes. A random sample from the population,
identified through the Swedish civil registration system,
were recruited during 2007–2009 and constituted the
reference group. We aimed at including 40 references.
To account for about 50% non-responders, comparable
with other population-based cohorts [21], and approxi-
mately 20% not meeting the inclusion criteria, an invi-
tation was sent by mail to 141 people between 60 and
75 years old living in the same geographic area as the
patients. Those who did not reply within 2 weeks were
contacted by telephone. 42 did not respond to mail or
phone call, and 27 declined to participate (49%). People
who accepted the invitation were assessed for eligibility
by telephone (n = 72). Subjects that had been treated for
hip or knee disorders within the last year (n = 11), or ful-
filled any exclusion criteria (n = 16), as described for the
patients, were excluded. 45 people accepted the invita-
tion. Two of these withdrew because of medical issues
unrelated to the study. The remaining 43 subjects (23
women) were included (Table 1). They were assessed
twice, to determine any systematic change in outcomes,
with a mean of 13 weeks (SD 1.2, range 9 to 17) between
test sessions. The references did not undergo exercise
intervention.
The research ethics committee at Lund University
approved the study (LU 81/2006) and the participants
signed a written informed consent form.
Neuromuscular training method
The neuromuscular training method is based on bio-
mechanical and neuromuscular principles and aims to
improve sensorimotor control and achieve compensatory
functional stability. Sensorimotor control is the ability
to produce controlled movement through coordinated
muscle activity, and functional stability (also called dy-
namic stability) is the ability of the joint to remain stable
during physical activity [22]. The principles are de-
scribed in detail previously [13-16,18]. In summary, the
principles include: Active movements in synergies of all
the joints in the injured extremity; applying bilateral
transfer effect of motor learning to the injured leg byinitiating the normal movement on the other leg; exer-
cises mainly performed in closed kinetic chains to en-
hance proprioceptive information from the foot soles
and to obtain co-activation of stabilizing muscles; en-
hancement of postural functions of weight bearing mus-
cles; using voluntary movements in the other lower
extremity, trunk and arms or unexpected movements to
achieve postural reactions (feed-forward and feedback
control) in the injured leg; and emphasizing quality of
performance in each exercise with an appropriate po-
sition of the joints in relation to each other (postural
orientation).
The goal is to obtain equilibrium of loaded segments
in static and dynamic situations and acquire postural
control in situations resembling conditions of daily life
and more strenuous activities. Emphasis is put on effi-
ciency and quality of movements of each exercise. Seve-
ral aspects of sensorimotor function, such as strength,
coordination, balance, and proprioception, are included
in the exercises, but focus can be, e.g., balance in one ex-
ercise and strength in another. To achieve the desired
requirement of postural activity, patients perform exer-
cises in various positions, i.e., lying, sitting, and standing.
The training is individualized, because symptoms and
functional limitations are heterogeneous in people with
an injury or disease. The level of training and progres-
sion is guided by the patient’s sensorimotor function,
taking into account various factors related to the individ-
ual (e.g., symptoms, age, gender, previous and target ac-
tivity level) and the injury/disease (e.g., affected joint
structures, type and severity of injury/disease). Progres-
sion is provided by; varying the number of, direction,
and velocity of the movements; increasing the load;
changing the support surface, and/or utilizing unexpec-
ted movements.
We have named the neuromuscular training method
NEuroMuscular EXercise (NEMEX). A suffix is added to
indicate the group of patients to which that program ap-
plies. In this particular study, the training program is
called NEMEX-TJR, where TJR stands for Total Joint
Replacement [18].
The principles of neuromuscular training are applied
in the NEMEX-TJR training program as described [18]:
The training sessions consist of three parts: warming up,
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period consists of ergometer cycling for 10 minutes. The
circuit program comprises four exercise circles, inclu-
ding exercises with the key elements: core stability/
postural function; postural orientation; lower extremity
muscle strength; and functional exercises. The goal of
each exercise is to enhance appropriate muscle activa-
tion to obtain functional stabilization of joints, reduce
joint load, and achieve quality and efficiency of move-
ments and thereby optimize the patient’s function. The
quality of the performance in each exercise with an ap-
propriate position of the joints in relation to each other,
i.e., with the hip, knee and foot well aligned (postural
orientation), is emphasized. To allow for progression,
three levels of difficulty are given for each exercise. Pro-
gression is made when an exercise is performed with
good sensorimotor control and good quality of per-
formance (based on visual inspection by the physical
therapist) and with minimal exertion and control of the
movement (perceived by the patient). The last part of
the training program includes cooling down, and stret-
ching exercises for the lower extremity muscles (10
minutes). The exercises in the NEMEX-TJR training
program and their progression levels are described in
the additional file in Ageberg et al. [18].
Training took place in groups at an exercise facility,
under the supervision of an experienced physical therap-
ist specializing in training of musculoskeletal disorders.
Patients continuously entered the group training, i.e., the
group held both novice patients and those who had par-
ticipated in several training sessions and, thus, were
more familiar with the training. Most often, about ten
patients attended a training session. During each group
training session, each participant was monitored indi-
vidually so that the exercises were performed at a
training level according to their sensorimotor func-
tion. The patients were offered 2 training sessions a
week of 60 minutes each. The training sessions took
place late morning/before noon, since patients with
hip or knee OA often report more pain early morning
and in the afternoon.
Because pain is a major symptom for patients with hip
or knee OA, we included a scale for monitoring pain
during training. The patients were told that pain was
allowed up to 5 on a 0 to 10 scale during and after the
training session [23]. They were also told that the day
after training, pain should subside to “pain as usual”. If
pain did not subside, the level of training was reduced
[23]. This pain monitoring system is part of the
NEMEX-TJR concept as described (available in add-
itional file in Ageberg et al. [18]).
The patients participated in the training until they
underwent TJR. The number of weeks of training was
dependent on the waiting list for surgery, and was notpre-defined in the study. The mean (SD, range) number
of weeks from baseline to follow-up, i.e., until surgery,
was 15 (SD 7.1, range 4 to 46).
The physical therapist was not assessed for adherence
with the NEMEX-TJR, but the fact that she contributed
to the design of the training program likely enhanced
adherence.
Assessment
The patients and references performed the tests in the
order that they are described below at baseline and at
follow-up. An experienced assessor, who was well trained
in all outcome measures from pilot-testing preceding the
present study, performed the measurements.
Self-reported outcomes
HOOS/KOOS The subjects rated their hip/knee and as-
sociated problems using the HOOS/KOOS [24,25]. The
HOOS/KOOS are valid, reliable and responsive disease-
specific self-administered questionnaires for patients
assigned for THR/TKR [25,26]. Each questionnaire com-
prises five subscales; pain, other symptoms, activities in
daily living (ADL), function in sport and recreation
(Sport/Rec), and hip/knee related quality of life (QOL).
Each subscale is scored on a 0 (worst) to 100 (best)
scale. The corresponding HOOS/KOOS subscales were
combined in the analyses.
Measures of physical function
Chair stands The time required for 5 repetitions to rise
from a chair and sit down was performed according to
the OsteoArthritis Initiative (OAI) manual including de-
tailed standardizations and instructions (available from:
http://oai.epi-ucsf.org). The test requires lower extremity
strength, balance, coordination, and flexibility. The partici-
pant sat on a straight-backed chair without arms, with seat
height of 45 cm, and feet placed on the floor with knees
flexed to slightly greater than 90 degrees. The participant
wore comfortable shoes and kept the arms folded across
the chest. The time it took to stand five times was
recorded in number of seconds, to a hundredth of a sec-
ond. A lower value indicates better performance. The test
was performed twice, and the best (lowest) value was used
in the analysis. Moderate agreement (coefficient of varia-
tion 13.9%) and excellent reliability (intraclass correlation
coefficient 0.89) was reported in patients with severe hip
or knee OA (mean 69, SD 7.2 years) [27].
Number of knee bendings per 30 sec
Maximum number of knee bendings in 30 seconds was
performed as described [28]. The test aims at evaluating
muscle endurance and fast changes between eccentric
and concentric muscle force over the knee joint. The
subject stood with the long axis of the foot aligned to
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tip support for balance was provided by the examiner.
The participant was asked to look down and bend the
knee, without bending forward from the hip, until he/
she no longer could see the line along the toes (corre-
sponding to about 50 degrees of knee flexion), and then
return to extension. 10 seconds practice preceded the
measurement. The test was performed on both legs,
starting with the right leg. The number of knee-
bendings performed in 30 s was recorded for the af-
fected and non-affected legs, respectively [28]. A higher
value indicates better performance. Moderate agreement
(coefficient of variation 13.2%) and good reliability
(intraclass correlation coefficient, 0.80) was reported in
patients with severe hip or knee OA [27].
Knee extensor strength
A hand-held dynamometer (Baseline® evaluation instru-
ments, White Plains, USA) was used for assessing isomet-
ric knee extension strength in a sitting position with hips
and knees flexed 90 degrees and hands resting in lap [29].
The dynamometer was fixed to the chair. Three measure-
ments were taken, each trial lasting 7 seconds, with 1
minute rest between trials. The test was performed on
both legs, starting with the right leg. The best value (in kg)
for the affected and non-affected legs, respectively, was
used in the analysis. A higher value indicates better per-
formance. Because the validity of hand-held dynamometry
can be questioned, such as underestimation of absolute
quadriceps strength compared with the Biodex [30], the
absolute values of quadriceps strength in the present study
are not to be used for comparison with other cohorts.
20-meter walk test
The time required for the participant to walk 20 meters
at their usual walking pace, and the number of steps that
they took to walk this distance, was assessed according
to the OsteoArthritis Initiative (OAI) manual inclu-
ding detailed standardizations and instructions (available
from: http://oai.epi-ucsf.org). The participant walks 20
meters in one direction and then repeats the 20-meter
walk by walking back in the other direction. The number
of steps taken, the time it took (in seconds, to a hun-
dredth of a second), and whether or not a walking aid
was used was recorded. A lower value indicates better
performance. The test was performed twice, and the best
(lowest) value was used in the analysis. Good agreement
(coefficient of variation 4.3%) and excellent reliability
(intraclass correlation coefficient, 0.93) was reported in
patients with severe hip or knee OA [27].
Statistical analysis
The paired t-test was used for comparisons within groups.
Analysis of covariance (ANCOVA), adjusted for baselineHOOS/KOOS pain and baseline value for the respective
outcome, was used to elucidate the influence of demo-
graphic factors on change in outcomes in the following
model: joint (hip/knee), sex, age, BMI, time the patient
had considered TJR, and participation in supervised or
home based physical therapy training within last year.
Relative improvement was calculated by dividing the
change between baseline and preop by the baseline value
and multiplying by 100. An improvement ≥15% for an in-
dividual in the HOOS/KOOS was used to determine re-
sponders by treatment [31,32]. ANCOVA adjusted for age,
sex, and BMI, was used for comparing baseline values be-
tween patients and references. Because there were no dif-
ferences between right and left legs in the single-leg tests
for the references, the right leg was used. To illustrate pa-
tients’ data relative to reference data, each patient’s score
for the respective variables were normalized for the corre-
sponding mean reference score. A level of p ≤ 0.05 was
chosen to indicate statistical significance.
Results
Patients vs. references
Patients reported worse scores in all HOOS/KOOS sub-
scales compared with the references at baseline. They
also exhibited poorer physical function, except for knee
extensor strength for the non-affected leg (Table 2). In
general, there were larger discrepancies between patients
and references for self-reported outcomes (hip OA be-
tween 27% and 47% of reference scores, knee OA between
14% and 52% of reference scores) than for physical func-
tion measures (hip OA between 72% and 85% of reference
scores, knee OA between 42% and 85% of reference
scores) (Figures 1 and 2).
Systematic change in outcomes in the reference group
A systematic change in the mean was noted for chair
stands and the number of knee bendings/30 seconds in
the reference group, indicating a small learning effect
(confidence intervals close to zero) (Table 3). As the sys-
tematic change had no influence on the results between
patients and references, it was not adjusted for in the
analysis.
Effects of neuromuscular training
The mean number of training weeks was 11 (SD 6.1,
range 2 to 34) for patients with hip OA and 13 (SD 5.1,
range 4 to 28) for patients with knee OA (p = 0.251)
(combined data, mean 12 weeks (SD 5.6, range 2 to 34)).
The mean number of training sessions was 15 (SD 7.5,
range 3 to 44) for patients with hip OA and 16 (SD 8.2,
range 4 to 39) for those with knee OA (p = 0.366) (com-
bined data, mean 16 training sessions (SD 7.9, range
3 to 44)).
Table 2 Scores for patient-reported outcomes and physical function measures and differences between patients and references at baseline
Total OA group Hip OA Knee OA References Total OA group Hip OA Knee OA
(n = 83 to 87) (n = 37 to 38) (n = 45 to 49) (n = 42 to 43) vs. references* vs. references* vs. references*
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean diff (95% CI) Mean diff (95% CI) Mean diff 95% CI)
Patient-reported outcomes
HOOS/KOOS subscales
Pain 42(12.5) 40(12.5) 43(12.4) 90(14.4) −47(−52.6;-42.4) −50(−55.7;-43.8) −45(−51.1;-39.5)
Symptoms 42(15.9) 38(15.4) 46(15.4) 88(14.3) −46(−51.3;-39.8) −49(−56.1;-42.8) −42(−48.5;-35.5)
ADL 46(13.1) 44(12.9) 48(13.2) 91(13.1) −43(−48.2;-38.3) −46(−51.6;-40.2) −41(−46.5;-35.4)
Sport/Rec 17(14.9) 23(15.4) 12(12.5) 83(22.6) −64(−70.8;-57.4) −60(−67.2;-52.0) −69(−76.4;-61.1)
QOL 27(13.6) 29(14.9) 26(12.3) 86(18.6) −56(−62.0;-50.5) −55(−61.9;-48.4) −57(−63.9;-50.6)
Physical function
Chair stands (sec) 14.60(5.76) 14.90(4.18) 14.34(6.78) 10.08(2.06) 4.06(2.23;5.88) 4.73(2.61;6.86) 3.43(1.34;5.52)
Knee bendings/30 sec affected leg (n)‡ 13(6.9) 16(6.4) 11(6.6) 23(6.8)† −9(−11.6;-6.5) −8(−11.1;-5.1) −10.3(−13.6;-7.0)
Knee bendings/30 sec non-affected leg (n)‡ 16(7.7) 19(7.4) 13(7.1) −6(−9.1;-3.9) −5(−7.5;-1.5) −8(−11.4;-5.4)
Knee ext affected leg (kg) 17.0(5.0) 17.9(5.0) 16.3(5.0) 20.0(6.2)† −3.5(−5.2;-1.7) −2.5(−4.6;-0.5) −4.3(−6.2;-2.3)
Knee ext non-affected leg (kg) 19.0(5.1) 19.8(5.4) 18.4(4.8) −1.3(−3.1;0.4) −0.7(−2.7;1.4) −1.9(−3.9;-0.0)
20-m walk test, time (sec) 18.91(5.07) 18.48(3.61) 19.25(6.00) 14.11(1.87) 4.07(2.53;5.62) 4.18(2.37;5.99) 3.98(2.20;5.76)
20-m walk test, steps (n) 33(6.4) 32(4.3) 33(7.7) 27(2.5) 4(2.6;6.3) 5(2.4;6.8) 4(2.2;6.4)
*Analysis of variance, adjusted for age, gender, and BMI.
†Right leg in references used for comparison with patients’ affected and non-affected legs.
‡Could not perform the test: Total OA group: affected leg n = 33, non-affected leg n = 15; Hip OA: affected leg n = 9, non-affected leg n = 4; Knee OA: affected leg n = 24, non-affected leg n = 11.
Ext = extension strength.
CI = confidence interval. Confidence intervals not containing zero indicate statistical significance.
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comes, except for number of knee bendings/30 seconds
for the non-affected leg in patients with hip OA and for
both the affected and non-affected legs in those with
knee OA (Table 3).
The largest improvement in HOOS was noted for
the subscale QOL and in KOOS for the subscale ADL
(Table 3). The relative improvement ranged from me-
dian 9% (quartiles −5% to 29%) for HOOS ADL to
median 29% (quartiles 0% to 100%) for HOOS Sport/
Rec, and from median 7% (quartiles −7% to 30%) for0
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Figure 2 Patients’ scores for performance-based measures relative to
the reference population. Aff = affected, non-aff = non-affected.KOOS Symptoms to 20% (quartiles −21% to 81%) for
KOOS QOL.
Between 42% (HOOS ADL) and 62% (HOOS QOL) of
the patients with hip OA, and between 39% (KOOS
Symptoms) and 61% (KOOS ADL) of those with
knee OA displayed an improvement ≥15% (responders)
(Figure 3).
For physical function, the largest improvement was
observed in chair stands, where both hip and knee OA
patients performed the test about 3 seconds faster after
the intervention (Table 3) (median improvement hip OAlk Knee bends
aff leg
Knee bends
non-aff leg
Hip
Knee
the reference scores (%) at baseline. 100% represents the score of
Table 3 Change in outcome measures baseline vs. follow-up in patients and references
Change baseline vs follow-up
Total OA group Hip OA Knee OA References
(n = 83 to 87) (n = 31 to 38) (n = 45 to 49) (n = 41 to 43)
Mean diff (95% CI) Mean diff (95% CI) Mean diff (95% CI) Mean diff (95% CI)
Patient-reported outcomes
HOOS/KOOS subscales
Pain 5.7(3.3;8.0) 6.1(2.9;9.3) 5.3(1.9;8.7) 0.5(−3.1;4.1)
Symptoms 4.2(1.3;7.2) 4.7(0.1;9.4) 3.8(0.1;7.7) 2.1(−2.4;6.7)
ADL 7.1(4.8;9.3) 5.0(1.7;8.3) 8.5(5.4;11.7) −1.0(−4.5;2.5)
Sport/Rec 4.5(1.3;7.6) 6.9(1.1;12.8) 2.4(0.8;5.6) 0.5(−4.4;5.4)
QOL 5.8(3.1;8.6) 7.1(3.7;10.6) 4.8(0.7;9.0) 2.1 (−2.8;6.9)
Physical function
Chair stands (sec) −3.24(−4.29;-2.20) −3.23(−4.33;-2.13) −3.26(−4.96;-1.57) −0.88(−1.33;-0.43)
Knee bendings/30 sec affected leg (n)‡ 2.3(0.3;4.4) 4.0(1.4;6.7) 0.1(−3.1;3.2) 1.8(0.5;3.2)†
Knee bendings/30 sec non-affected leg (n)‡ 1.4(−0.0;2.8) 2.3(−0.1;4.7) 0.6(−1.0;2.1)
Knee ext affected leg (kg) 1.7(1.1;2.4) 1.9(0.9;2.7) 1.5(0.6;2.4) 0.2(−0.7;1.1)†
Knee ext non-affected leg (kg) 1.0(0.3;1.6) 1.2(0.1;2.3) 0.8(0.1;1.7)
20-m walk test, time (sec) −1.34(−1.97;-0.72) −1.09(−1.85;-0.32) −1.55(−2.51;-0.59) −0.03(−0.32;0.26)
20-m walk test, steps (n) −1.5(−2.3;-0.6) −1.0(−1.9;-0.1) −1.8(−3.1;-0.5) −0.1(−0.5;0.3)
†Right leg in references used for comparison with patients’ affected and non-affected legs.
A negative value for chair stands and 20-m walk test (sec and steps) indicates improvement. For all other variables, a positive value indicates improvement.
‡Could not perform the test: Total OA group: affected leg n = 33, non-affected leg n = 15; Hip OA: affected leg n = 9, non-affected leg n = 4; Knee OA: affected leg
n = 24, non-affected leg n = 11.
Ext = extension strength.
CI = confidence interval. Confidence intervals not containing zero indicate statistical significance.
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http://www.biomedcentral.com/1471-2474/14/23218% (quartiles 8% to 24%), and knee OA 19% (quartiles
6% to 31%)). The smallest improvement was seen in
number of steps for the 20-m walk test (median im-
provement hip OA 3% (quartiles 1% to 6%), knee OA 5%
(quartiles −2% to 8%)).
Influence of demographic factors on effects of training
Patients with hip OA showed greater improvements
than those with knee OA for HOOS/KOOS subscale
Sport/Rec and for the number of knee bendings in
30 seconds (Tables 4 and 5). Patients with knee OA
displayed greater improvement than those with hip OA
for HOOS/KOOS subscale ADL (Table 4).
Seventy-four percent of the patients reported no super-
vised or home training provided/instructed by a physical
therapist within the last year before entering this study.
This subgroup demonstrated greater improvements in
HOOS/KOOS subscales symptoms and QOL, and in chair
stands than those who reported that they had had such
training (Tables 4, 5).
Discussion
In this controlled before-and-after study, neuromuscu-
lar training showed promise for improving self-reported
outcomes and physical function even in patientswith severe primary OA of the hip or knee waiting
for total joint replacement surgery. These findings
should be confirmed in a randomized and controlled
design.
There is limited research on the feasibility and benefits
of neuromuscular exercise for people with OA. Most
studies are small and include people with mild to mod-
erate knee OA [17,33-35], and only two include patients
with severe hip or knee OA [36,37]. These latter studies
are small RCTs, evaluating the effect of pre-surgical
training on post-surgical outcomes [36,37]. In one of
these studies, within group changes by training were
reported [36]. In patients with severe knee OA (n = 20)
[36], “proprioceptive training” improved standing bal-
ance (unstable tilting platform device), while no effects
were seen on patient-reported outcomes (WOMAC) or
performance-based measures (gait speed, timed stairs
test). In that study, no post-training data was provided
for the control group (n = 15), thus, the change in out-
come measures was not compared between groups [36].
Patients with severe hip OA [37], reported less pain and
showed better standing balance (unstable tilting plat-
form device) after a “sensorimotor training program”
(n = 32) than a control group (n = 30) receiving no treat-
ment, while no differences between groups were seen in
55
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Figure 3 Percentage of responders and non-responders for the five HOOS (A) or KOOS subscales (B). An individual improving ≥15% was
considered as responding to treatment.
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http://www.biomedcentral.com/1471-2474/14/232patient-reported outcomes (SF-36, WOMAC). Because
no data was provided for the outcomes at baseline [37],
the within-group changes (before vs after training) ob-
served in our study could not be compared with that
study [37].
A small sample-size is a possible explanation for the
few and small effects in these studies [36,37]. Factors re-
lated to the training intervention may also partly explainTable 4 Influence of baseline demographic factors on change
HOOS/KOOS pain HOOS/KOOS
symptoms
Coefficient (95% CI) Coefficient (95%
Model n = 87, R2 = 0.14 n = 87, R2 = 0.3
Joint (hip vs knee) −0.5(−5.4;4.5) −2.6(−8.3;3.0)
Sex (man vs woman) 0.4(−4.4;5.2) −2.6(−8.2;3.0)
Age (y) 0.3(−0.3;0.8) 0.4(−0.3;1.0)
BMI (kg/m2) −0.2(−0.8;0.3) −0.1(−0.7;0.6)
Considered TJR (mths) −0.0(−0.2;0.1) −0.1(−0.2;0.0)
Previous PT training (no vs yes) 5.1(−0.3;10.4) 9.7(3.6;15.7)
All analyses adjusted for baseline HOOS/KOOS Pain. The corresponding baseline va
CI = confidence interval. Confidence intervals not containing zero indicate statistica
PT = Physical Therapy.the limited effects. For example, focus on one specific
aspect of sensorimotor function (standing balance in
study [36]), improve primarily that function without ne-
cessarily affecting other aspects of sensorimotor func-
tion. Also, a standardized (not individualized) program
without progression or supervision, as that described
in [37], is in contrast to existing recommendations.
Thus, an individualized approach to exercise within patient-reported outcomes
HOOS/KOOS ADL HOOS/KOOS
sport/rec
HOOS/KOOS QOL
CI) Coefficient (95% CI) Coefficient (95% CI) Coefficient (95% CI)
2 n = 85, R2 = 0.11 n = 83, R2 = 0.18 n = 86, R2 = 0.19
−4.1(−9.1;-0.8) 10.1(2.6;17.6) 3.9(−1.8;9.6)
1.9(−2.9;6.7) 2.0(−4.5;8.5) −2.2(−7.7;3.3)
0.2(−0.4;0.8) 0.4(−0.4;1.1) 0.3(−0.3;1.0)
−0.1(−0.7;0.4) 0.0(−0.6;0.7) −0.2(−0.9;0.4)
−0.0(−0.1;0.1) −0.0(−0.2;0.1) 0.0(−0.1;0.2)
2.1(−3.2;7.4) 6.0(−1.1;13.3) 6.5(0.4;12.6)
lue adjusted for in the separate analyses.
l significance.
Table 5 Influence of baseline demographic factors on change in physical function measures
Chair stands (sec) Knee bendings
affected leg (n)
Knee bendings
non-affected leg (n)
Knee ext
affected leg (kg)
Knee ext non-affected
leg (kg)
20-m walk test,
time (sec)
20-m walk test,
steps (n)
Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Model n = 86, R2 = 0.76 n = 47, R2 = 0.21 n = 66, R2 = 0.19 n = 86, R2 = 0.17 n = 86, R2 = 0.23 n = 86, R2 = 0.57 n = 86, R2 = 0.69
Joint (hip vs knee) 0.3(−0.9;1.5) 6.0(1.2;10.7) 3.3(0.3;6.4) 0.5(−0.9;1.9) 1.1(−0.3;2.5) 0.4(−0.5;1.4) 0.6(−0.4;1.6)
Sex (man vs woman) 0.3(−0.9;1.4) −1.3(−5.8;3.1) −2.4(−5.4;0.7) 1.0(−0.6;2.5) 0.7(−0.8;2.3) 0.4(−0.6;1.3) −0.7(−1.8;0.4)
Age (y) 0.1(−0.1;0.2) 0.4(−0.2;1.1) 0.1(−0.2;0.5) −0.2(−0.3;-0.1) −0.1(−0.2;0.1) −0.1(−0.2;0.1) −0.1(−0.2;0.1)
BMI (kg/m2) 0.0(−0.1;0.2) −0.3(−0.9;0.3) −0.2(−0.5;0.2) 0.1(−0.0;0.3) 0.3(0.2;0.5) 0.1(0.0;0.3) 0.2(0.1;0.3)
Considered TJR (mths) −0.1(−0.1;-0.0) 0.1(−0.2;0.3) −0.0(−0.1;0.1) −0.0(−0.0;0.0) 0.0(−0.0;0.0) 0.0(−0.0;0.0) 0.0(−0.0;0.0)
Previous PT training (no vs yes) −2.1(−3.4;-0.8) 0.8(−4.1;5.5) 1.4(−1.8;4.7) 0.6(−0.9;2.0) 0.6(−0.9;2.1) −0.8(−1.8;0.3) −1.1(−2.2;0.0)
All analyses adjusted for baseline HOOS/KOOS pain. The corresponding baseline value adjusted for in the separate analyses.
CI = confidence interval. Confidence intervals not containing zero indicate statistical significance.
PT = physical therapy.
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http://www.biomedcentral.com/1471-2474/14/232gradual progression [38], supervision [9], and exercises
aiming at improving several aspects of sensorimotor func-
tion constitute essential components of training to suffi-
ciently reduce symptoms and improve function.
Patients with knee or hip OA waiting for TJR report
that reduced pain and improvements in activity/partici-
pation are equally important [25,26]. In the present
study, mean pain was significantly but modestly reduced
by approximately 6 points (median improvement 14%).
HOOS/KOOS subscales ADL, Sport/Rec and QOL im-
proved on average 7 (median 17%), 5 (median 20%), and
6 points (median 25%), respectively. Thus, neuromuscu-
lar training seemed effective for improving function and
reducing pain. In the meta-analysis by Wallis et al. [3],
modest reduction in pain was observed for hip and knee
OA, but improvements in activity was noted for hip OA
only, by aerobic exercise and/or strengthening training.
A subject for further study is to elucidate whether
neuromuscular training is more effective in improving
outcomes than traditional treatment or usual exercise
therapy.
Estimating improvement at the individual level is also
important. Given that the minimal important change
(MIC) appears to be dependent on the population and
intervention, it may not be possible to define an MIC for
a specific measurement instrument [39]. The MIC has
not been established for KOOS/HOOS for patients with
severe OA undergoing an exercise intervention. We ap-
plied the 15% responder criteria identified for exercise
intervention in the WOMAC [31] to categorize an indi-
vidual’s clinically meaningful improvement. The HOOS/
KOOS subscale ADL is equivalent to the WOMAC
subscale function. The 15% rather than the 50% res-
ponder criteria [40] was preferred since exercise is a
low-cost intervention with few side effects [18]. Almost
50 percent of the patients demonstrated clinically mean-
ingful reduction in pain and about 55 percent improved
their function in ADL and sport/recreation. Taken to-
gether, the results at the group and individual levels sug-
gest that the NEMEX-TJR program offers promise for a
clinically relevant improvement in HOOS/KOOS by
NEMEX-TJR.
The patients in the current study displayed improve-
ments in performance-based measures; chair stands was
performed about 3 seconds (median 19%) faster, and
the 20-m walk test about 1 second (median 5%) fas-
ter, indicating a potential efficacy of neuromuscular
training. Given that current research lacks the use of
performance-based measures [3,6], the clinical rele-
vance of improvements for groups and individuals is
yet to be determined. About 38 percent of the pa-
tients were unable to perform the knee bending test
on the affected leg, indicating that single-leg tests are
challenging for these patients, at least before TJR. Weincluded tests that are used by the OsteoArthritis Ini-
tiative (OAI) and have been proven reliable in people
with severe hip or knee OA [27]. However, a standardized
set of performance-based measures of physical function is
yet to be determined [41].
Some demographic factors influenced change in out-
comes. A possible reason for the differences between
patients with hip and knee OA for change in HOOS/
KOOS ADL and Sport/Rec may be the different anatom-
ical characteristics and function of the joints. Neverthe-
less, these differences suggest that outcomes of hip or
knee OA should be analyzed and reported separately.
Having had no previous physical therapy training (super-
vised or home based) before entering the study was as-
sociated with greater improvements in HOOS/KOOS
subscales symptoms and QOL, and in chair stands
(adjusted for baseline value). This indicates an effect by
training in addition to just having worse function at
baseline.
Both self-reported and physical function measures
were clearly worse in the patients compared with the
reference group. The references HOOS/KOOS mean
scores were somewhat better than age-specific KOOS
scores in the adult population [42]. This was expected as
we excluded those who had been treated for hip or knee
disorders within the last year, in contrast to Paradowski
et al. [42]. Thus, our reference data is likely appropriate
for comparison with patients. The references were as-
sessed twice, to account for any learning effect associ-
ated with the outcomes. The small systematic change
observed for the chair stands and the number of knee
bendings/30 seconds had no influence on the results,
and was therefore not adjusted for in the analysis. Thus,
the patients’ improvement from exercise may be inter-
preted as a real change. However, a randomized con-
trolled study is required to rule out any potential biases
of the current non-randomized design, such as placebo
effect and regression towards the mean.
Not all eligible patients assigned for TJR were docu-
mented, and the severity of radiographic OA was not
reported, denoting that a possible selection bias in our
study cannot be excluded. However, our participants are
comparable to other Scandinavian cohorts of patients with
hip or knee OA awaiting TJR regarding sex-distribution
[3], mean age [3], and HOOS/KOOS scores before surgery
[25,26]. The patients who declined to participate in the
supervised group training were on average 2.4 years
younger than those who accepted participation, likely
because more working-age individuals declined partici-
pation. Because this difference in age can be considered
small, and since no differences were observed between
participants and non-participants for any other demo-
graphic factors or baseline HOOS/KOOS, the risk of
such selection bias is likely small.
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In conclusion, both self-reported and physical function
measures were clearly worse compared with the reference
group. Neuromuscular training showed promise for im-
proving patient-reported outcomes and physical function
measures, even in older patients with severe primary OA
of the hip or knee before total joint replacement.
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